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The 5t. Clair Tunnel was the first full-
sized subaguecus tunnel built in Neorth
America. Joseph Hobson, the Chief Engineer,
successfully combined three zignificant new
technologies--a tunnel shield driven by
hydraulic rams; a cast iron tunnel lining;
angd the use of a compresssd ailr environment.
This tunnel eliminated a major bottlensck in
the rail transportation svstem linking the
American midwest with its eastern markets.
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SUMMARY

The Grand Trunk Railway of Canada operated a large railway
system by 1880, when 1t completed lines linking Chicago to
the United States east cocast. The Port Huron to Sarnia
crossing of the S8t. Clair River, which depended on railroad
car feryries, became a sericus bottleneck for the Grand Trunk
in the early 1880Gs., 3ir Henrv Whatley Tvler, pre=sident of the
Grand Trunk Railway, decided that a tunnel was the solution.
in October 1884, the Grand Trunk chartered the 8t. Clair
Frontier Tunnel Company as a Canadian corporation to
construct the tunnel and Tvler put the Canadian engineer
Joseph Hobson in charge of the project.

The Grand Trunk also chartered the Port Huron Railroad Tunnel
Company in Michigan in CQctober 1886, and in November 18ES,
the railroad merged the twin companies to form the 8t. Clair
Tunnel Company, which built the tunnel and operated it until
1958. Hobson made two falled attempts to drive the tunnel by
traditional means, in December 1886 - July 1887 and in April
- July 1888. After completing a detailed set of borings along
the tunnel route in May - July 1888, Hobson decided to design
a tunneling shield and to start tunneling from a point nearly
one-third of a mile from the riverizank. He excavated great
open cuts on both sides of the 8t. Clair River starting in
January 1P89 and began zhield tunpeling on the U.5,. =side 1n
July 1889 and on the Canadian side in Septomber 1BE8S%. Hobson
introduced compressed air between March and May 189%0. The two
shields met on 30 August 1890 and the 3t. Clair Tunnel

of ficially opened on 19 September 1891, Hobson had
successfully combined three innovative techniques for the
first time in the construction of a large-szize subagueous
tunnel--the tunneling shield, a cast iron tunpel lining, and
the use of a compressed air work enviromment.

This tunnel has undergone only minor changes since its
opening. Following the deaths of ten men by asphvyxiation
between January 1892 and OQotober 1904, the Grand Trunk
electrified the tunnel, a project it completed in Februarv
1938. The railroad lowsred the tracks in 1949 to allow taliex
freight cars to use the tunnel. Diesel locomotives went into
seyvice in September 1958 and the railroad installed new
ventilation equipment to handle the diesel fumes. -
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E NEFD FOR A ILEOAD I, UNDER THE S5T. CLAIR EIVER

In the late 1850s, the towns of Sarnia, (ntarico and Port
Huron, Michigan, straddling the 8%, Claiy Hiver at the ontlet
of Lake Haron, emexrged as connecting points for trunkline
railroads linking the Bmerican midwest with the sast ceast
via Canada. In 1858, the Great Western Railway of Canada
built a line from London, Ontario, on its Miagara Falls-
Windsor main line, to Saxnia. The following vear, the Grand
Trunk Railway of Canada finished a line linking Point Edward,
just nerth of 3arnia, with Toronto and through i1ts existing
lines, with Montreal and Porxtland, Maine. In November 1859,
the Grand Tyrunk Railway also leased the just-completed
Chicago, Detrolt, and Canada Grand Trunk Junction Railroad
Company line between Detrolit and Port Huron. By oonneckting
with the Michigan Central Railrcad running between Detrolt
and Chicago, the Grand Trunk Railway had created a "aystem®
that enabled it to ship goods from Chicasgo to the east coast.
An alternative route had emerged sarlier with the completion
of the Great Western Rallway from Windsor to Niagara Falls in
1854, Goods could travel on the Michigan Central Railroad
from Chicago to Detroit, then continue via the Great Western
from Windsor to Niagarz Falls, where the cars could transfexr
+o the New York Central running from Buffale to Rlbany, and
finally, reach New York {itv on the Hudson River Railroad.
Both routes depended upoan vailyoad car ferries ta move the
ralling stock acress the 3%, Clair River ?t Port Haron/Sarnia
and the Detyroit River at Detroit/Windsoxr.,

The Grand Trunk Rallway opened a third route to the eastern
seaboard in 1873, when it completed its International
Buspension Bridge across the Wiagara RBiver between Fort Erie,
Dntario and Buffale, Mew York. The Grand Trunk soon engaged
in a fierce struggle with railroad tycoon Cornelins
{Commodore) Vanderbilt (17%4-1877) to deminate trafiic
between Chicago and the sagt coast, In 1869, Vanderbilt had
gained control of the Lake Shore and Michigan Southexn
Railroad, which extended from Chicago to Buffaloe, and already
owned the New York Central, giving him command over a line
from Chicago to New York. In 1876, Vanderbilt also gained
mastery of the Michigan Central and a bankyupt line called
the Canada Southeyn, which ran from Buffalce to Windsor, After
his death in 1877, his son William took over his railroad empire.
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William Vanderbilt tried to choke the Srand Trunk by charging
it prohibitive rates to use the Michigan Centyal tracks. The
zrand Trunk Hailway had oo cholice but to oreate 1ts own line
to Chicago. Starting in 1879, it gained contrel over several
lines which 1t consolidated as the Chicago & Grand Trunk
Railway in 1880. The GBrand Trunk also bought the Great
Western Railway in 1882, protecting its southern Canada routhe
to the sastern sesboard. By the mid-1880s the CBrand Trunk
syvstem within Michigen included its main line extending From
Port Huron to Chicagoe via Filink, Duvand, Lansing, and Battle
Creel; a second major line extending from Detreoit to Pontiac,
purand, Grand Rapids, and Grand Haven on Lake Michigan; a
line from Port Huron to Pontiac and Jackson: one from Port
Huron to Detroeit: and zspurs o Saginaw and to Michigan's
Thumb, The traffic destined for the east coast went to Port
Huron for transport across the St. Clair River.

In the early 1860s, the Grand Trunk unleoaded freight €rom
cars on one side of the 5%t. Clair River, moved the poods
across the water on a side-wheel steamer W.J. Spicer and then
reloaded the freight onte vailroad cars on the other side.
They briefly used a "swing feryv," a barge holding railroad
cars that was attached to a 1,000 foot~long chain, and was
propelled acyoss the yiver by the current. In 1872, the
steam-povered propelleyr ferrv International, which had thyee
tracks and could hold a total of 21 cars, replaced the swing
ferry. 1t counld transport up to 400 cars per day across the
Tiver. In 1875, the &rand Trunk added a second fexrry, the
Huron, with a capacity of 24 cars. Bs the volume of traffic
crosszing the 3t, Clair River rosze dramatically in the 18805,
the logisztics problems became staggeving. In 1888, the Grand
Trunk moved roughly 297,000 freight cars, 28,000 passenger
cars, and 8,000 baggage and mail cars across the 3t. Clair
River. Assuming sn average of 330 full working davs in the

- year {counting Sundays as one-third. of a day}), the Grand

- Trunk transferred an average of roughly 1,000 cars per day.
To carry this volume, both car ferries operatad around the
clock and had to complete one orossing per howr. According
to one estimate, by the mid-1880s, the Grand Trunk carried
one—third of all the freight between the midwest and Hew
England.
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. The ferry operation across the 5t. Clair RBiver was costly,
time-consuming, and sometimes disruptive to the Grand Trunk's
"normal tvaffic patterns. The ferries ran bhetween Fort Sratioh
on the Michigan side and Point Edward on the Ontagico side of
the Tiver, both leocated 3ust south of the outlet of Lake
Huron. Both feryy docks were thyee miles from the main lines,
50 using the ferries added an exXtra siz miles to the route
and even when the crossing went smoothly, meant a delay of at
least half an hour. The wintexy and early spring brought the
additional problem of ice on the St. {laiy Hiver, often
accompanied by fog. The frand Trunk operated a powerful
icebreaking tug, the M.¥F. Meryrici, to acoompany the fervies,
but sometimes the i1ce waz too thick even for the ice breasksr
and txraffic would stop for several davs. The current moved at
-8 miles per hour, increasing the threat of ice jams.

Disruptions to traffic were particularly a problem in the
spring, when huge ice floss from Lake Huron wonld jam the
river, freeze over ot night, and create wvast ioe racks.
Delavs of a few days might not spell disaster for most Grand
Trunk customers, but was nnacceptable for those shipring
dressed beef fyom Chicago to the east coast. Gustavuas Swift
had begun the practice of shipping dressed meats kept fresh
in insulated cars with ice that the railyoad had to replenish
along the way. The Grand Trunk became a leadey in providing
special services to Swift and other packers and cayried
138,000 tons of dressed meats in 1885 alone. For the Grand
Trunk, dressed meat bhecame its third most important fre&ght
by the mid-1880=z, exceeded only by wheat and livestook.

The Grand Trunk did not have many opticns in removing this
bottleneck. The volume of shipping on the $t. Clair River,
said to exceed that of the Port of Hew York, precluded zny
moveable bridge, such as a basoule {(draw) bridge or swing
bridge. Any structure ewtending intoe the river would need the
approval of the U.3. RAymy Corps of Engineers. The poweriul
Lake Carriers' Association, representing the shipping
inteyests, would vehemently oppose a biridge. The opposition
of both organizations had guickly killed plans for a bhridge
across the Detyoit River offered by the Michigan Central
Railyoad in the 1870s. Biven the flat topogrsphy, 2 high
bridge, such as a suspension hridge, would r?quire extremely
long and prohibitively supensive approaches.
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DLANNING ANDy BUILDIHG THE ST. CLATR TIUINEL

Siv Henyv Whatlev Tylexr {1827-19%08}, president of the Grand
Trunk Railway from 1874 to 1895, was an esrly and persistent
proponent of a tunnel undexy the St. Clair River. 1t i1s worth
noting that he was the shajrman of a commission that endorsed
the constryuction of a tummel connecting England and France
acyoss the Straits of Dover in 1874 . As sarly as November
187%, Tyvler instructed Siy Joseph Hickson, the Grand Trunk's
general manager from 1974 to 1890, to investigate alternste
ways to cross the 5t., Claiy River. In Februsry 1883, Hickson
hired Montreal enginser Walter Shanley to do a feasibility
study for a tunnel under the river. Walter Shanley, with the
help of his hrother Francis, had taken over the stalled
Hoosac Tunnel project in northwesteryn Massachusetts in late
1868, and in 1874, completed this five-wmile long railroad
tunnel. Shanley did not conduct any engineering studies of
the 8%, Clair River area, but he nevertheless suggested that
the Grand PTrunk build a tunnel south of Port Huron and
Sarmnia, about three miles south of the ferry ﬂrassing.s

Tyler, Hickson, and Walter Shanlev considered several means
of ocrossing the 5t. Clair River before deciding to boye a
tunnel under the river bed. A bridge, with long, graduazl
approaches, would cost at least £5 wmillion and would face
vehement opposition fyom the U.S. shipping interests. Hickson
asked Shanley to consider a "trench and tube®™ tunnel, where
they wonld sink an iron tube in a trench excavated in the
river bottom. That design was propossed for a tunnel undexr the
Thames in London by Messrs. Mavnard and Cooke. Shanley argued
+hat a trench and tube design would also bring sirong
opposition from navigation interests, who would complain that
construction would likely interfexre with shipping. He
believed that they could drive a brick-lined, double-tracked
tunnel thyrough the clay under the river hed three wmiles south
of Lake Huron for about $£2 million, uvsing standard tunneling
methods. In mid-Movember 1884, seven months after bheing named
Chief Engineer of the twnnel project, Joseph Hobson sent
Hickson a ZZ-page letter endorsing the route and tunnel
design suggested by Shanlev. Hobson believed that the tumnel
was technically feasible and that improved knowledge of
tunneling would &nagle the Grand Trunk teo soclve any problems
it might encounter.
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Flanning the tunnel bkegan in earnest when the Grand Trun
Railway incorporated the 5t. Clalr Frontier Tunnel Company in
Canada on 19 April 1884. 3ir Hernry Tyler placed Jossph Hobson
{1834-1917) in charge of the tummel design and constraction.
Born in Guelph, Ontarico, Hobson had previounsly ssrved as the
engineer for the Internaticonal Bridge over the HNiagara Riwver,
completed in 1873. Hobson then worked as the asgistant chief
engineer for the Great Western Railway and in 1875, hecane
<hief engineer. After the Grand Trunk acquired the Great
Western in 1882, Hohson hecame the chief %Pgineer of the
Sreat Western Division of the Grand Trunk.

On 18 October 1886, the GSrand Trunk establiched a T.5.
subsidiaryv, the Port Huron Railroad Tunnel Company, which
merged with its Canadian counterpart on 9 Hovenber 1886 to
form the St. Clair Tunnel Company. The principal officers of
the new company vere: president, Sir Joseph Hickson; vice
president, Lewis James Zeasrgeant; and secrsiary-treasurer,
Robert White. Seargeant replaced Hickson as president before
the tunnel was completed. Thomas E. Hillman became first
asgistant engineesr and M.5. Blaiklock second assistant
engineer. Other important appointments included Thomas H.
Murphy as superintendent of excavation and J.T. Esmes azm
mechanical superintendent.

Given a previous failed effort to mild a yailroad tunnel
undeyr the Detrolt River between Detroit and Windsor, Ontarico,
Hobson understandably proceeded with cauntion in planning the
tuninel under the 3t. Claixy River. Both 1iver botioms
congisted of similar soft blue clay. James F. Jov, the
praesident of the Michigan Central Bailrwad, had promohed a
Detroit River tumnel and starting constrmaction in 1872, The
tumnel was to extend a total of 8,000 feet, with 3,000 feet
under the Detroit River, and was to have an inside dizmeter
of 18.5 feet, with two-foot thick brick walls. A smaller
drainage tunnel was to be first driven under the main tunnel.
Bxoavation work in 1872-1873 extended the dralinage turmel
1,220 feet under the river on the American side and roughly
50 feet on the Canadian side. But when the workers facesd
sudden imindations of =zand and water inteo the excavations,
the Michigan Central ﬁ?ilroad stopped all work and allowed
the tunnels to fleood.
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In 1885, Hobson and Thomas E. Hillman, his fixyst assistant
engineer, made hoyvings of the river bottom some 50 feet scuth
of the intended tunnel line, to aveid disturbing the ground
through which thev planned to drive the tunnel. Using a pile
driver mounted on & soow, they drove 6-inch dismeter wrought
iron pipes through the material of the viver bottom down to
the hedrock below to collect samples of the strata the tunnel
would pass thiough. Because they made only eleven borings
over the entire width of the viver, some 2,500 feet, they had
at best a yough sample of the river bottom. The findings wers
hardly encouraging. The river had a maximum depth of 40.5
feet. Hetween the water and the underlving bedrock (porous
shale) were three layers oy stryratas of material--za river bhed
of sand, gravel, and small boulders yanging from 2 feet in
depth to ahout 15 feet; a mixture of quicksand and blue clay
about 10 feet thick; and a laver of blue clay about 21 feet
thick. This laver of blue clay was soft, but tenacious like
putty and permeated with water, making it an inher??tly
unstable material through which to drive a tunnel.

Hob=son recommaended to Sir Henyvy Tyler that they drive a small
horizontal drift through the center of the eventual lecation
of a tall-size tunnel to test the material and to exzperiment
with different methods of working the clay. Hobson planned,
at least through 1887, to bore a turmel 25 feet in ocutside
Jiameter, which he would line with brick lasid in Portland
cement. The brick walls would be 2.50 feet thick, vielding =
tunnel with an inside diamster of 20 fest. The St. Clair
Tunnel Comnpany hired the firm of William Scoysmith and
Company {Socoysmith & Son) Lo sink shafts on both riverbanks
down to the level of the proposed tunmel and then drive an
experimental drift § feet in diametey along the center of the
tunnel route. The tunnel company accepted Sooysmith's bid of
255,260 on 17 Hovembey 1886. General William Scovsmith was an
experienced engineer who had done deep foundation work for
bridges. He planned to sinkk the shattis, each 6§ feset by 14
feet and lined with 12-inch square timbers, to the level of
the full-gized tummel. Shatt-sinking began on 2 December 1586
on the Port Huoron side and two devs later on the Sarnia side..
The Sarnism shaft reached a depth of 82 feet on 29 Jamiary
1887 and the Port Huron shaft extended 92 feet wvertically by
19 I.J‘ebrm.ta;n:'y.12
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Sacoysmith then drove drifts that were 8 feet in cuiside
diameter and lined with 1Z2-inch square timbers oot in wedge-
shaped pieces to form an arch, produacing a tunnel with an
inside diasmeter of & feet. The drift from the Port Huron
shatt extended only 33 fest when the diggers snoountered very
soft clay and Sooaysmith Jdecided on & Rpril 18857 to shift all
of his effort to the Sarnis side. He began the drift from the
Saynia shaft on ?Eyarch and by 15 Rpril, this extended 27%
feet to the west}

The tunnelers encountered a pocoket of natural gas on 15 April
and then seriocus fleoding the following day. Pefoxre they
abandoned the Sarnia drift, the workmen installed a wooden
bulkhead at the end of the tunnel to prevent the flow of
additional natural gas and water inte the workings. The drift
and shaft filled with water and Scovamith stoppred all work
until he began pumpling water out of the working=s on 9 May.
Twao days later, the flame from a lantern touched off an
explozsion, producing minor injuries. Work resumed in late
June after extensive pumping removed 3ll of the watex. The
Bowoysmith abandoned the work on 19 July 1887 and allowed the
drifts to F£ill with water. He lost 35,482 on the work he
completed and forfeited a #15,000 performance bond. In late
September 1887, the 5t. Clair Tunnel Company decided to
complete the tunmnel on its own and to resume work guickly on
the project.

Hobaon also conducted a more detailed set of borings along
the line of the tunnsl to establish the contours of the river
bottom and the strata above the clav more precisely. Using a
aoow, they Arove six-inch diameter pipes down only to the top
of the clav, at intervals of 20 feet alonz the centexr line of
the tunnel route. They hegan the work on 7 May and completed
it on 16 July 188R, with a total of 110 Lhorings taken, Heavy
boat traffic on the river hampered the effort. Passing ships
struck the scow and dislodsed it from itz moorings several
times Jduring the 70-day work period. These borings showed
that the clay stratum was at most only about 38 feet thick at
the middle of the river. B planned twmel excavation 21 fest
in diametey did not leave such room to mansuver, Since Hobson
viewed the shale underlying the clay and the river abowve as
equally dangercus, he decided tgo drive the tunnel roughly
midway betwsen the two hazards.
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Hokson and the 8t. Clair Tunnel Company officials conzsidered
aeveral new options for the tunnel project between Septenber
1287 and February 1888. On 2& September 1887, Hobson
concluded that s0il conditions required that they use sitherx
"the pneumatic process, the freezing process, or the use of
an iron shield with hydraulic machinery to move it forward.”
He 4id not think that the pneumatic process was practical and
begause he had no khowledge of the freezing process, Hobaon
argued for the use of a shield. He estimated the cost of a
single-track tunnel with approaches at $2,370.0006. By 26
December 1887, Hobs=on had decided to use a cast iron lining
instead of the standard brick masonry lining. Using cast iron
would reduce the diameter of the bore by & feet (from 25 fest
to 21 Feet), speed the worl, and make waterproofing the
lining much easier. In late Fehruary 1888, Hobson awarded a
contract to build twe shields to the Hamilton Bridge and Tool
Company. He revised his cost estimate on 3 July 1889 to
£2,650,000, reflecting the additional costs of a cast iron
lining. Hobson was vight on target, with the tunnel
eventually costing $#2.7 million in total.

Hobson made one final effoxrt to excavaite the tunnel from
shafts sunk close to the river bank. He intended to construct
& shield at the bottom of the shatt and remove the excavated
material by hoisting it uwp the shaft. In April 1888, Hokhson
began to sink a new pair of shafts, one on each side of the
river. They were voughly 75 feet from the water's edge, had
inside Jdiametexs of 23 feet, and were supported by brick
linings 2.50¢ feet thick. The Port Huron shaft went to a depth
of 58 feet and ultimstely served as a ventilation shatt. The
Canadian shaft extended to a depth of 98 feet, but filled
with water and clay as guickly as they could remove the
material. Hohson abandoned this strategy by the svueer of
1888 and adopted a more yadical approach--to excavate Lhe
tunnel using a shield ard to begin the work from two laxgs
open cubts well back from the river. The open cult on the Port
Huron side extended 52 feet below grade, wae about Z00 feet
wide, and began roughly 1,800 feet from the river. The Sarniz
open cut was 60 feet deep, 260 feet wide, and hegan about
2,000 feet fyom the river bank. Hobson began work on the open
cubts in January 1889 and tunneling began on the American side
on 11 July 188%. B landslide at the Sarnia GT} delaved the
start of tunneling there wuntil 24 September.
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Hobson was the first sngineer to combine three innovative
methods in constructing 2 tunnel with a large oross-sectlon—-
a turmeling shield driven by hydvsulic yams, a cast iryon
tunnel lining, and the use of compressed air to protect the
workings from an influw of quicksand and watey. Hobson did
not invent any of these technicues, bnt combined them
effectively for the first time in an extremely Jdifficult and
ambitiocus project. Mare Isambard Brunel (1769%9-1849) inventedd
the tunneling shield, which he patented in 1818 and used in
driving a tunnel undey the Thanes in London, a prolect that
he began in 1825 and completed in 1843. The first Thames
turnmel had arched brick masonry walls. Feiter Willism Barlow
{1809-1885) patented a round turmel shield in 1884 and 18&9.
His understuady, James Henry Greathead (1844-189%&) in turn
unsed a version of Barlow's shield in building a second Thames
tunnel, the Tower Subway, completed in 1856%, Greathead's uss
of a cast iron lining in the Tower Subway was a major
breakthrough that allowed him to complete the project in less
than a vear. Screw Jacks advanced Brunel's shield and the
Barlow/Greathead shiesld.

When Alfred Elv Beach {(1826-1896), the editor of Scientific
American, drove a 312-foot long experimental tunnel undey
Broadway in New York City in 1869, he used a circular shield
driven by hvdraulic rams. His 8-foot diameter tunnel used
brick masonry walls on the stralght segments and a cast iron
lining on the curved sections. Beach was probably well awarse
of Barlow’'s patents, so his shield waz not a particularly
innovative design, although his use of hydraulic rams to
advance the shield was novel. Nineteenth-gentury writers
invariably called covlindrical tunnelling shields used in thse
United States "Beach shields,” regardless of their design.
James Henry Greathead later combined all these advances and
usaed comprassed air in enginesring the London and Southwarl
asubway tunnel, built in 1886-1890. Greathead's system, with
only minor moedifications made by Hobson for the 8t. Clair
Tunnel, has remained to this dav the basic technigus for
driving tunnels in zoft ground. The only notable change in
technology over the past century is the use of mechanical
digging m?ghinery instead of hand labor for the remaval of
material.
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Once Hobson had decided to use a tunnsl shield, he designed
one which resembled those built by Beach and Greathead. A
column in Engineering Hews on 8 November 1890 claimed that
the only information Hobkson had on the Beach and Sreathead
shields came from Henxrvy . Drinker's book, Tunneling,
Explosive Compounds, and Bock Drills {(Hew York, 1878). But a
letter to the same Journal, published on 22 Hovember 18%0,
claimed that Greathead had given 3ir Henxyv Tvley, the
president of the Grand Trunk Railway, shield drawings to pass
on to Hobson. Scientific Americen simply called Hobson's
shields "Beach hydraulic shields." Engineering Hews helieved
that Hobson's shields most ¢losely resembled Beach's, but
conneded that Hobson's design had unioue features as well.
More recent scholarship has emphasized its similsrity to the
Sreathead shield. Hobson's shield was twice the size of
Breathea%‘s and nearly three times the diameter of

Beach's. 17

Both the enginsering profession and the public reccognized ths
importance of the 8t. Clair Tunnel project. Engineering News
had three stories on the tunnel between Jamary LEEY and Moy
1890 before running a detalled five-part series hetwesen sarly
Jctober and late December 18%0., Spientific Bmeyican had Lthree
feature articles on the proiect hetween August 1890 and
December 18%1 and Harper's Weeklvy ran stories in February and
Ueotober 1821, Engineering Hews offered this assessment in
otober 189%0:

The most repnowned achievements in all departments
of human activity owe their importance and fame
toe the masnitude of the obstacles surmounted.
There is now approaching completicn hear the
outlet of Lalke Huron, a railway tunnel benesath
a river, which, by reason of the difficultie=
successfully overcome, and the importance of
the completed work, is entitled to high rank
among the great engineering works of the
continent,. Because of its importance and the
fact that the method of working is in manv
respects an entire novelty, we have secured,
through the courteszsy of the Chief Engineer,

Mr. Joszeph Hobson, complete details of the ggrk
and the methods and the machinery smploved.
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The Hamilton Bridge and Teool Company of Hamlliton, Ontario
built both tunnel shields. Hobson had hoped to avoid paving
import duties by having an Bmevican £irm bnild the shield
used on the Port Huron side of the river, but he was unahle
to find ons abkle to complete the work. Becsuse of their size
and weight (80 tons), the Hamilton firm shipped the shields
Lo Sarnia and Port Huron in pieces and then assenbled them.
J.0. Bames devised a way to yoll the assembled shields o the
bottom of the open cuts so they ended in the proper position
to start tunneling. He eased each shield down wooden skid-
ways using steel cables anchored around piles driven at the
top of ths descent in a maneuvey that toock 80 minutes.

The covliindrical tunnel shields, easch fabricated from 1-inch
steel plates, had an ountside diameter of 21 feet & inches and
were 15 feet 3 inchss long. The steel shell at the front of
the shield was planed to oreate a outting edge. Two
hoyizontal and three vertical partitions in the front segment
of the shield served as veinforcement for the steel shell.
The hovizontal partitions also served as platforms for the
excavators. The shield had a bunlkhead of one-half inch stieel
plate only four feet from the rear edge of the structure. The
bulkhead had only two openings, through which the workers
passed all the blue olay. Bach opening had a deoor which the
men conld close to gseal the front of the Shi?%d to prevent
water or quicksand from entering the tunnel.

A set of 24 hvdraulic rams or Jacks placed around the
circumference of the shield pushed it forward neaxrly twoe feet
at a time. The firm of Watson & Stillman of Hew York, which
had built the eguipment foxr Beach's 1868 shield, manafactured
the hydraulic rams. Each ram had twoe oviinders, one of 8
inches diasmeter, used to force the shield forward, and one of
2 3/8 inches, nsed to draw back the larege plungsy or piston.
Although the rams had a potential stroke of 26 inches, in
practice they advanced the shield only 23 inches at a time,
enough to allow the srection of ancther lining ring. Water
prressure came from by a single Worthington pump neaxr each of
the two portals. These were duplex direct-acting duplex steam
engines, with steam cvlinders 12 inches in diameter and watexr
oviinders 1 inch in diameter. They could potentially produce
a water pressure of 5,000 pounds per sgueares inch, 125 tons
per Yam, or a total of 3,000 tons for the entire shield.
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The greatest pressure ever Yequired to move the shield
through the soft blue clay was 1,700 povnds per sguare inch,
or a total of 260 tons. J. T. Eames, the mechanical
superintendent for the proiect, devised a system of valves o
allow two men to controel all 24 rams. Normally, they womnld
nse all the rams at once, but they could alsoe operate sach
YA indivig?ally to make corrections in the shield '
alignment.

When the clay appeared stiff, the diggers often worked two or
three fest ahead of the tunnel shield. They constantly
sanpled the ground about ten fest ahead with augers, checking
for gasz, water, and quicksand. In the early stages of
excavating, ohe digger, John Ordowski of Poxrt Huron, invented
a tool that replaced the crdinary shovels used te dig the
2lay. The knife-like device, with handles for two men, would
"out? a slice of clavy roughly a vard long and several inches
thick at a time. Only two or three men of the crew of 22
diggers in the shield removed the clay from the shield
proper. Another & men lcocaded the clay into cars that shifts
of horses pulled along a light rail line to the tunnel
portal. There, a palr of derricks picked up the car bodies
and movad them from the bottom of the open cut to the top of
the embanlkment and dumped the load onto a flat car to be
hauled away to a dumping site. A pair of 50 horsepowesr steam-
driven &?dgerwood winding engines provided the power for the
hoists.

The tunnel lining and the means uszed to asszemblie it were
notable features of this project. The completed lining
conaisted of 3,852 connected rings, each 21 feet in outside
diameter and 18 1/4 inches wide. Each ring consisted of 13
cgurved segments, each 2 inches thick, 18 1/4 inches wide,
having a circumferential length of & feet, 15716 inches, and
a kev pisce measuring 9 7/8 inches in circumferential lensth.
Each of the 13 main sezments weighed between 1,000 and 1.050
pounds, giving each ring a total weight of nearly 7 tons. B
total of 50,076 main lining segments were cast, along with
3,852 key pieces. The cast iron lining weighed 28,000 tons,
or 9,333 pounds per lineal foot of tannel. The Grand Trunk
Raillway foundry at Hamilton supplied cne-third of the
castings and the Detroit Wheel & Foundry Company of Detroit,
Michigan, the remainder.
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Each of the fourteen segments comprising a single tunnel ring
had flanges on all four interior sdses, to allow the workers
to bolt it to the adicining radial segment to make up a
aingle ring and then to the adicining ring along the
gircumference of the two rings. The flanges for the
circumferential joints were 2 378 inches thick, while the
flanges for the radial joints are 2 3/4 inches thick at the
base and 1 5/8 inches thick at the point. Each
ciroumferential flansgs had 12 bolt holes 1 inch wide, while
each radial flange contained & bolt-holes of the same size.
The workers needed a total of 56 bolts, each 7/8 inch in
diameter, to bolt the sections of a single ring together, and
157 bolts to connect sach ring with the precedins ring.
Before the men brought the ring zegments into the tunnel for
assembly, they heated the segments ln a wood fire and Adipped
them in a bath of melted ritoh to provide additional
protection against oxidation.

According to Engineexring News, "The greatest novelty in the
design ¢f the segmentsz i1z the means adorted For making the
Jointa tight against leakage, For the radial Jeints, the
abutting surfaces of the segments were planed, and between
them was placed a packing piece of seasconed white oak 3/16
inches thick. These were sawed to the exact size desired, and
the bolt holes were bored 1/4 inch larger than the bolt to
allow for slight inaccuracies. After belting in place, this
wood packing piece rapidly absorbed water from the
surrounding clay and in zwelling closed the jeint perfectly.®
A machine shop on site planed roughldly 100 1ining segments per
day. The workmen packed the circumferential joints with
roofing (course canvass covered with asphaltl) made bv the
Standard Paint Company of New York. The bore created bw the
zhield had a diameter 6 inches larger than the outside
diameter of the tunnel lining. As they completed the iron
lining, ths tunnel workers foreced cement grout into the 3-
inch space bhetween the lining a&? the surrounding clay to
prevent the turnnel from moving.
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Hoizting the half-ton lining segments and placing them in the
proper position to form the lining 1ing was ne simple task.
T.C. Tepper, the Chief Engineering of the Hamilton Bridge &
Tocl Company, desisgned a special helst or crane to handle the
segments,. This circoular orane reveolved on a spindle attached
to the center of the shield and had a counterweight attached
to one end. The end of the crane arm had a vice which held
the tunnel segment. The segment hoist had three zeparate
hand-cranked gears which enalxled the operator to move the
segment in three dimensions. The ring was assembled starting
with the ecenter section at the bottom, proceeding upward to
the key zection placed directly overhead. & zang of 15 men
assembled the lining, with two or three men attaching encugh
kolts to hold the segments in place, while the rest of the
men followed closely behind and inserted the remaining bolts,
using ordinary wrenches. E?ey could completely aszemble a
Ting in about 45 minutes,

{nee the tunneling began, with shields advancing from both
sides of the river, hkeeping the excavation and thus the
tunnel properly aligned over its length of 6,026 feet was a
mailor cocncern. The engineers kept the tunnel at the proper
grade thryough the careful use of ordinary leveling
instruments. Hobson bulilt an instyument station at each
tunnel portal, with a brick piexr 3 feet sgquare and 12 feet
deep erected as a base for a pair of large theodolites, o
guarantee no loss of mecuracy due to shifting ground. R
theodolite was a precision instryument mwuch like a transit,
fitted with a telescopic sight for establishing horlzantal
angles. Bach had a 2 1/% inch object glass and was custom-
built far this proiect. The Stackpole Company of Hew York
built the one used on the American side and Troughton & Sitmg
of London built the one used on the Canadian side. The tunnel
company bouzht one house on the Port Huron side and had 1t
torn down to insuye s olear line of sight. Hobson's
assistants adiusted each theodolite to bisect the ¢biect
glass of the cne on the other side of the river. Thev placed
an ordinery 7-inch Stackpole transit at each tunnel mouth and
sighted on the obiect glass of the theodolite for a backsight
and then reversed to carxry the line into the tunnel. The
engineers used a special tube cut through the center of the
{compressed air) bulkhead to carvy the line 1nt0 the part of
the tunnel worked under compressed aix.
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The position of the shield was carefully checked every dav
and was never more than two inches out of the correct
norizontal or wvertical alignment. They made coryecotions by
disengaging one or more of the hydrauwlic rams when the shisld
was advanced. When the two shields met on 30 August 1820
after excavating 6,000 feset of ground, they were perfectly
aligned horizontally and off by only 1/4 inch vertically.
The First Assistant Engineer, Thomas E. Hillman, and the
Second Assistant Enginesry, M. 3. Blaiklock, had the
responsibility of maintaining the proper line and level for
the tunnel.

During tunneling, both shields gradually rotated from their
initial poszition, while remaining otherwize correctly
aligned. The American shield moved counter-clockwise roughly
20 degrees to the north between July 1889 and Febiruary 1890,
but then revelved in a clock-wise direction so that when the
shields met on 30 Bugust 18920, it waz 20 degrees south of its
original position. The Canadian shiesld revolved counter-
clockwise (to the south) from the start, and ended almost
perfectly aligned with the American shield, but also 30
degrees from its starting position. This rotation 4id not
cause any seriocus problems for the excavation work, dbut would
have had it been more extreme. The contemporary engineering
literature offered no explanation for this phenomencn., It
most likely was the result of variations in the density of
the material the shield cut through.

Over the full length of the tunnel, the alignment of the
lining segments changed slightly as well. On beth sides of
the river, the men assembling the lining placed the key piecs
exactly at the orown of the tunnel, but by the time the
shields met in the middle of the river, both keyv pleces were
several feet off center. If the cored bolt heoles were only
slightly misaligned because of small variations in the
castings, a cumulative error would probably have rezsulted
because all the bolts were screwed tight in the same
direction.
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in sarly September 1589, after just two months of tunneling
o the Port Horon side of the river,. Hobson discovered o his
dismay that the shield needed strengthening. He had not put
the Sarnia shield into service at that point. Hobson, who was
ot at Foxrt Huron at the time, sent on to Hickson a report
from J.T. Eames that the front of the shield seemed unable ta
stand up to the pressure of the clay. Paxrt of the leading
edge bent inward nearly an inch during an advance. Eames
wanted Lo get an expert sutside consultant to examine the
shield and Hobson conourred in BEames' Judgement.

Hobison u2sed the potential shield probhlem to xwaise other
gericus questions with Hicks. Hobson thought that thew
should consider using compressed aly to relleve some pressure
on the shield, although he had alwavs opposed its use. Hobson
argued Lhat the St. Clair Tunnel Company should hiye as a
consultant Colonel W, H. Faine of New York, ocurrently the
Chief Engineer for the Hudson River Tuannel, where he was
using compressed air. Paine had earlier asked Hobson foxr a
position on the St. Clair tunnel project. Hobson also stated
guite cleasrly in his letteyr of 10 Sephember 1889 fo Hicks
that he wanted to resign as Chief Engineex of the $t. Claix
Tunnel. Hobson argued that he lacked the needed expertise
and, because he had remainsd as Chief Engineexr for the
Western Division of the Srand Trunk, was unable to devote his
full attention to the projiect.

Twoe dayvs later, Hobson reported that Eames had exaggerated
the apparent weakness of the front of the shield and that
thev were strengthening both shields at minimal cost and
disrupticon to the work., Because the clay on the Port Huron
side was becoming softer and they were also encountering
small poclkets of gas, Hobson urged the use of compressed ailr
at 30 pounds/square inch, or double normal atmospheric '
pressure. Using compressed air would alsc redace the strain
on the front of the shield. Hobson aoncluded in a lettexr to
Hicks on 18 September that the shield was fundamentally
sound. The deflection in the shield, which had caused so mach
anxiety, had taken place on 26 August when the shield ran
into a pocket of wvery hard clay. The foreman had tried to
force the entire shield forward at once iqﬁtead of using the
rams selectively to move through the clay.
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Hobson met W. H. Paine in Hew York in late Sepitember and
Paine agreed to vizit the tunnel and make recommendations
osoncerning the use of compressed air onece the shield resched
the river. Hobson ashked Paine 1if he would accepi the position
of Resident Engineer for the 5t. {Ulailr Tunnel. Presuamably
Hobhson would remain the Chief Engineer, bult with no on-site
responsibilities. Palne Jdeclined the offey. Hickson was
sufficiently concerned about Hobson's desire to resign as
Chief Engineer that he wrote a long letter to Sivy Henrv W,
Tvler, the Pyresident of the Grand Trunk Railway, on this
matter. Two recent acoidents on the Great Western division
had greatly upset Hobson, whe believed that he had too many
responsibilities to adeguately seyve as the Chief Enginser of
the Great Western Division of the Grand Trunk. Given a
choice, Hobson would guit the tunnel project. To mollify
Hobson, Hickson agreed to have Colonel Faine consult with
Hobson on the use of compressed air, bult more inportant,
Hickson would hire a Besident Engineerx to relieve Hobson of
most of the day-to-day duties at the tunnel. The crisis
passed, Hobson r%%ained on the job, and Hickson never hired
another engineexr.

nce Hobson set the Canadian shield in motion on 21 September
1889, the work of excavating the tunnel became routinised.
Six months would pass before Hobson firszt emploved compressed
air in the workings. On 28 August 1889, the Dominion of
Canada government, threough the Ministrvy of Railways and
Canals, expressed confidence in the proiect by vating a
aubsidy of $375,000, approximately 15 percent of the
projected total cost of the tunnel. Rlmost exactly a vear
later, the tunnel company arranged the means of financing the
projaect. On 26 Rugust 1894, the 3t. Clair Tuanel Company
issued $2.5 million in fifty-vear first-mortgzage bonds pavins
& percent interest, which the Grand Trggk Bailway purchased
through the sale of a new stock issue.
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The tunnel project veguired an extensive surface plant and
equipment besides the Worthington pumps that served the
hydraulic rams used to advance the shields. Separate svyvstems
to provide ventilation, lighting, dyrainage, and compressed
alr were all needed for the building of the tunnel. Hobson
also built a permanent drainage system for the tunnel while
the tunnel excavation was in progress. The compressed aix
system will be ifreated later in this report.

A totzl of four Roots blowers, two at each end, provided
wventilation up to the aix locks at the edge of the river.
Fach klower had a capacity of 10,000 ocubic feet per minute
and sent alr through a galvanized pipe twoe feet in diameter
mounted on the roof of the tunnel. Inside the aiy locks, the
compressed air lines, which ended near the shield, provided
the ventilation, The tunnel company consciously kept the
working areas well-ventilated to prevent explosions if
pockets of natural gas collected in the tummel. They placed
incandescent lamps along the length of the tunnel and
provided extensive lighting in the areas neax the air locks
and the shield. The machine shop, compressor building, and
the hoilexr house also had electric lighting., On the Poxt
Huron side, a pair of 200 candlepower capacity Edison dynamos
provided power, while a similar pair of Ball dynamos did the
same on the Sarnia s&?e. Brmington & Sims steam engines
powered the dvonamos.

Drainage of water from within the tunnel has never been a
maior concern because the tunnel i1t=self remained largelv
watertight. During construction, Hobson placed two duplex
portable Worthington pumps, sach with a capacity of 500
zallons per minute, outside each aix lock. Water that
accumulated inside the air lock was forced out by phneumatic
pressure through a 2-inch drainagze pipe. The Worthington
pumpa dilscharged water thraugh a 3-inch pipe that extendsd up
zmall shafta near the edge of the river at Sarnia and Port
Huron., After construction work ended, the tunnel company
instalied two steam-powered prumps, with a capacity of 500
gallons each, at the low point of the tunnel, under the river
ank on the Barnia s5ide. The steam lines and discharge pipe
from the pumps extended to the surface through the trial
shaft sunk in Bpril 1238& and later repaired. Cempg?saed air-
driven pumps replaced the original punps by 1904,
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Hobson had to design and build a more substantial drainage
asystem to handle the large volumes of water that would
collect in the bottom of the open cuts after rainstorms. The
open cuts oreating the approaches to the tunnel oreated =
drainage area of 14 acres on the Canadian side and 11.5 acres
on the U.S. side. On bhoth sides of the river, stone drains at
the base of the retaining walls directed water along the
walls £o a single sump or well hole, from which pumps Temoved
the water. A culvert under the track connected the two
drains. On the Canadian side, the water then passed through =
six-foot diameter iron pipe over a distance of 160 feet to
the pumping shaft, a cast iron-lined shaft 15 feet 2 inches
in diameter and 81 teet deep. The contractor, Samiel Stokes
of nearky Petrolia, built the pumping shaft between June and
Beptember 1889. Two large Worthington compound pamping
engines were built in a punp house at the top of the shaft,
with their piston rods extending down to pumps at the bottom
of the shatt. The pumps discharged the water into a pipe 18
inches in diameter located near the top of the shaft and
connected to the St. Clair Rivexr. On the American side, the
tunnel company placed four smaller Worthington pumps in a
building located on the south side of the open out Just west
of the tunnel portal. They pumped water up Lo a drain locsted
above the top of the cut. The pumping stations will be
treated in separate reports on the pump houses .32

Hobson introduced the use of compressed air once the shield
“began to pass under the viver, a distance of 1,716 feet from
the Bmerican portal and 1,994 feet from the Canadian portal.
Compressed air was first used on the American heading on 7
April 18%0 and on the Canadian heading on Z0 May 18%0. Thew
bilt solid airtight bulkheads of brick and cement mortaxr &
feet thick across the tunnel. At either tunnel heading, mer,
oars, and horses passed though one of two ailr locks, =ach &
feet in diameter and 17 feet long, with iron doors. Each air
lock encased one of the two sets of tryacks yunning the
length of the tunnel. They also built a small zir lock,
measuring 10 inches in diameter, but 25 feet long, into the
bulkhead to allow long pieces of pipe to move through the
bayxrier. On each side of the rivexr, two 20 ¥ 24 inch aixr
compressors manafactured by the Ingersoll Ssargent Eock Drill
Company of New York supplied compressed air to the workings
though a & inch wrought iron pipe.
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Loszes of air pressure through the air locks and the bulkhead
were minor, other than the small leakage that took place when
men went from the high pressure sector into the low-pressure
area. Originally, the air locks had a szingle &t-inch globe
valve to equalize the air pressures, but this allowsd too
rapid decompression and caused many cases of the "hbendz,?
more commonly called Ythe benders” byw the men, because their
knees would buckle and they would bend over in pain. The men
would frequently bleed through the nose, mouth, and sars.
Three men died of the "bends™ during the tunnsl project and
soores suffered from the disease. In time, thevy substituted a
i 1/2-inch valve in the air lock. slowing the rate of
decompression. Even with the smaller valve, men would passz
through the air lock in about 2 minutes. Engineering News
helieved that extending the decompression time to 5 minutes
would eliminate most the cases of the "bends," but conceded
that this might slow the pace of woxk. The minber of workers
in the compressed airy zone at any given time was between 50
and 75.

Engineering News argued that Hobson should have used
compressed air from the start of tunneling, given the soft,
unstable nature of the c¢lay. Before Hobzon used compressed
air, the wvolume of clay removed from the excavation was 50
percent larger that the volume the tunnel occupdied because
cglay cozed into the workings from the sides and top. Once
Hobson used compressed air, this discrepancy practically
disappeared. The initial use of compressed air raised the
preasure to 10 pounds per sguare inch over atmospheric, or 25
pounds per square inch total. The highest pressure employved
was 43 pounds per =sgquare inch, 28 pounds above normal
atmospheric pressure. The directors of the 5t. Clair Tunnel
Company reported that the American shield ran into quicksand
on &% May 1890 and water begin flowing inteo the tunnel. A
rapid incorease in the air pressure quickly stopped the leak.
Horses were unable to survive in the compressed air
anvircenment, so they emploved mules to haul the tram cars
loaded with clay from the workings to the tunnel portals.
Even after the shields met on 30 August i8%0, thevy continued
to employ compressed air until 2 Oc¢ yber, when they began to
remove the bulkheads and air locks.
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The tunnel prolject emploved a large labor force from January
1889 through the formal tunnel opening in September 1891.
Engineering News reported 600 men at work in Februaxy 1890
and Harper's Weekly reported a vear later that an average of
700 men worked on the project. Although the two shields met
in the middie of the river on 30 August 1894, much work
remained unfinished. Worls on the approaches, begun in ARugust
1890, took nearly a yvear and employed 200 men much of the
time,

Several sources give conflicting information about wages.

An Engineering News artigle of £ February 1890 claimed that
diggers earned 17.% cents per hour, iron men 15 cents, and
all other labor 12.5 cents, all for an eight-hour 4dav. The
same journal claimed in MNovember 1890 that all men working in
the compreszsed air received an increase of #1.00 per day {or
i2.5 pents per hour) once worlt besgan in that snvironment.
That seems like an extracrdinary pavy raise and is probably
incorrect. On 11 April 1890, the Canadian digsers petitioned
for an increase to 25 cents per hour, citing the difficult
nature of the work, the inherent dangers of the work, and the
"oloseneas of the air" asz justification. The workers on the
American side made a similar demand around the same time.
3ilbexrt and Pratt claim that both the Canadian and the
American diggers were earning 17.5 cents an hour at the time.
The Canadian workers prezented their Jdemandz as a petition,
which they signed round-robin stvle along the outer edges, to
prevent the St. Clair Tunnel Company from identifving the
ringleaders. The tunnel management simply ignored the
demands. Once the use of compressed air stopped in early
Dcotober 1890, the Tunnel Company reduced wages to 12.5 cents
per hour, but allowed the men to work 1% hours a dav to make
up the lost earnings.
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The two shields advanced toward sach other at a pace that
generally improved over time, after an initial learning
process on both sides of the river. The monthly progress
shown in the table helow shows that the American shield
axcavated nearly 700 more feet of ground than its Canadian
ocounterpart. This discrepancy reflectsg the two-month delay in
staxting the Canadian shield, the poor performancs in the
Zanadian heading in May of 1890, and the more Jdifficult
ground encountered in the Canadian excavation.

MONTHI.Y ADVANCE OF THE TUNNEL SHIELDS
JULY 1889 - AUGUST 1830 (IMW FEET!

American Canadian

Heading Heading
1889
Jul Vv 53 -
August 14k -
September 156 73
Detober 127 109
Novemben 226 igs8
December 267 217
1890
JAnUuIATY 278 292
FPebruary 274 306
March 204 293
April 182 281
Hay 356 97
Junes 354 237
July 3R2 201
Bugust 311 334
TOTAL 3,310 2,629

Souree: Gilbert, 5t. Cizir Tunnel, p. 31.
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As the two shields approached each other, Hobson stopped the
American shield from advancing and on 20 August, he hegan a
six-foot drift lined with timbers through the remaining space
of roughly 125 feet. He did this to allow one final check of
the tunnel alignment to allow adiuzstments Lefore the shields
touched. The Canadian shield continued teo advance and at noon
on 23 August, the shields were only B89 feet apart. The next
day, when only 15 feet separated the men in the drift from
the American shield, someone bored an auger hole through to
the other side and passed a plug of tobacoo through the
opening. Workers removed the remaining clav in the drift and
at noon on 25 August, Holbson passed through the opening from
the Canadian heading into the American szide of the digzings,
followed by his chief asszistants and other tunnel company
officiala. The leading edges of the two shields finally met
on 30 August 18%0, but the tunnel company needed ancother
month to complete the tunnel lining. Thevy left the outer
shells of the shields in place in the blue clay, while thev
removed all the internal parts. The workerszs had to specially
vast the last ring of the lining to f£fit the remaining 55?33.
On 2 October 1890, Hobson stopped using compressesd aly.

The 3+t. Clair Tunnel J4id not formally open uvntil 19 Sepiember
1891, more than a vesary after the shields wmet, and the first
treight train did not uge the tunnel until 24 Ootober 1891,
Even after they tinished the lining, much work remained. The
men removed the bulkheads and air locks, along with the pipes
carrving high-pressure wabter and air. Hearly two months after
Hobson stopped using compressed alr, the Canadlan bulkhead
remained in place. During construaction, abont 2 feet of olay
filled the tunnel floor to create a base for the tramvoad
leading out of the tunnel. They removed the clay and cleaned
the tunnel. The lower half of the tunnel was lined with brick
laid in cement mortar to the depih of the tlanges. Thevy laid
additional brick to form a base for the tyracks and all the
brickwork received a 1-inch coating of cement mortar. Hobson
added this extra lining to prevent salt byrine leaking from
refrigerator cars and then thrown uwp by the wheels from
corroding the tunnel walls. The Grand Trunk had seen its
bridges suffer damage from salt brine and wanted to avoid
this problem. They also gave the upper half of the lining &
coat of asphalt paint to protect it from coxrosion. On 20
Jamuayy 1891, they finished all work in the tunnel.
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Excavation of the tunnel's long approaches, along with the
construction of the portals, did not begin until Hobson was
confident of the success of the tunnel excavation. The St.
Clair Tunnel Company awaxded the contract for the excavations
to the firm of Nihan, BElliot & Phin of St. Catharines,
Ontaric, on 18 August 1§90, They were to sxcavate an open out
measuring 60 feet deep, 260 feet wide, and roughly 3,100 f=et
long on the Sarnia side and 52 feet deep, 200 feet wide, and
approximately 2,500 feet long on the Port Huron side. The
contractoy used a pair of steam-showvels st ezach open cut,
along with several hundred men. Occasional landslides and
heavy rains hindersd the work on both sides of the river. The
landslides forced a widening of the open outs and the use of
heavy limestone yetaining walls o prevent any recurrence.
The original estimates ocalled for the removal of about
500,000 oubic vayrds of material from the open outs, but the
amount Finally removed was considerably larger. They did not
tinish the approaches until September 1891, right before the
formal cpening.

The contract for constructing the portals went to William
Gibzson of Beamsville, Ontaric. He built the poirtals and their
wing walls with courses of quarry-faced {(rough-cut) limestone
blocks, Gibson finished the Canadian portal in esarly November
1890 and the American portal by late December. It is not
clear from the surviving records if Gibson also built the
limestone retaining walls running the length of the
approaches, In total, 20,000 cubic g?rds of mazonry were used
on the portals and retaining walls.

The St. Clair Tunnel Company boughit four custom heavy-duty
steam locomotives to move trains through the tunnel. The
Baldwin Locomotive Works of Philadelphia, the premier
American locomotive mamafacturexr of the late nineteenth
century, built them in February 1891. Each locomotive had =z
-10-0 wheel configuration and were designed as camelhack
engines, so they counld operate in either dirvection and thus,
the railyoad did not have to turn them axrovnd atter each
passagze through the turnnel. The weight on their 50-inch
diameter drivers was 195,000 pounds, making them the heaviest
engines built up to that time. They had the power to pull a
760—t0% train up the lonz 2 percent grade at both ends of the
tunnel 38 '
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of construction
#£2.7 millian,
s of expense:

Hobson's early estimates of the total coshts
rroved remarkably acourate. The tunnel cost
broken down by the following maior categorie

t
5

Expended on preliminary work $250, 004
Machinery and plant 250,000
Labor, all classes 900,000
Cast iron for lining 800,000
Other Materials 100,000
Real estate, land damages, legal

expenses, ato. 110,004
Permanent expenses {track, locomotives) 504,000
Apprroaches 200,000
Fngineering, superintendence, etco. L0, 000
Total $2,700,000

Soyrce: Porxrt Huryen Dailv Times--Interpational Tumnel
Opening Edition, 19 September 18%1, p. 3.

As the tunnel apprcoached to completion, =zighiseers began to
descend on the site. The tunnel company admitted a few
visitors, but only with a pass signed by Hobson himszself. In
jate November 1B%0, Thomas A. Edison, who grew up in Port
Huron, was one of a party of ten who toured the bore. In mid-
Felbruary 1891, an unnamed female reporter for the Port Huron
Daily Times went through the tunnel, the first female to do
=0, Six months earlier, tunnel officials had refused
admittance to a female reporter frqﬁaﬂuffalﬂ after zhe began
taking dimensions of the machinexrv.

Plans for the celebration of the tunnel opening began well
before the end of the prolect was in clear view. In mid-
Hovember 18%0, a guide leading a group throuvgh the tunnel
foresaw an official opening in Marxch 18%1. In early Februaxrvy
1891, Charles McKenzie, a director of the 3t. Clair Tunnel
Company, predicted an cpening arcund 15 June 1891, bkut it did
not take place until 19 September 18%91. Local reporters
erronecusly anncounced that the Grand Trunk Railway would hold
a celebration banguet in the tunnel itself, gith bangnet
tables straddling the international barder.g
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The opening of the tunnel created some friction betwe=en the
Grand Trunk Railway and the forces of cilvic boosterism in
Port Huron, including the Poxyt Huxyon Daily Times. The Grand
Trunk scheduled the formal opening for 17 September, tTo
accommodate 1ts president, Siy Henry Tvler, who was returning
to England on 21 Sepiember. This was about a month earlier
than the Grand Trunk had previcusly suggested. The Daily
Times, ftor instance, had to rush its special tunnel opening
edition into production a month early. The Port Huron
newspaper had hoped for a great public celebration, including
special excursion trains, parades, and walking tours, all
rassing through the tunnel. Given the amount of work still
unfinished within the tunnel and the continuing problem of
landslides along the apprcaches, Hobson ruled out excoursion
trains o1 walking tours. The cersmonies and events
surrounding the fwrmqg opening of the tunnel were largely
private in character. 1

The celebration of the formal opening of the turnel began
Friday,., 18 September 1891 and continued through the following
day. Friday evening, the citizens of Port Huron hosted a
banquet to honor S8ir Henry Tvler and the Grand Trunk Railwav.
Over 100 attended, including all the principal officers of
the Grand Trunk Railway and the 38t. Clair Tunnel Company, the
mayeors of Port Huron and Sarnia, the Governor of Michigan,
and other govermment officials. The formal opening took place
the following day, when a trainlcoad of Grand Trunk officials
and their guests rode through the tunnel from the Sarnia side
to Port Hurcen. The train passed under two enormous floral
arches built over the tracks, one on each side of the river.
This party later returned to Sarnia for a more elaborate
banguet in the Grand Trunk's freight house, converted for
this purpose. The 3arnia banguet included over 350 guests,
including Grand Trunk Raillway and St. Clair Tunnel Comisany
onfficials; prominent businesamen from the Great Lakes region;:
provincial, state, and local government officials; and
reprezentatives from the local and national press. The first
freight train passed through the tunnel on 24 October 1891
and the first paszenger train on 7 December 1891, The Grand
Trunk then stopped the ferrv service. The tunnsl immediately
saved the Grand Trunk two hours on the Chicago to Torontg
route and $50,000 per vesr spent operating the ferries.™®
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OPERATING HISTORY AND ALTERATIONS

The St. Clair Tunnel Company made alteratlons to the tunnel
equipment and design features within & few vears after the
opening. It built a small brick pump house on the northerw
edge of the Canadian approach, just east of the portal. The
building appeared in a photograph dated June 1893, but the
precise date of construction is not known. Early in the
gperating history of the tunnel, the weight of the trains
travelling along the tunnel approaches began to push the soil
under the tracks outward agalnst the masonry ballast wall
{inner wall) of the drainage ditches that ran parallel to the
track. To stabilize the roadbed and to prevent a collapse of
+the drainsge ditch, the tunnel company placed steel beams
between the ballast wall of the drainage ditches and the muach
larger retaining walls for the open cuts. These
reinforcements are clearly visible in a photogyaph taken
sometime before the 19208 electrification of the tumnel. The
size of trees in the image suggests that the photograph dates
from ca. 1200, but there is %3 more precise information about
the date of the reinforeing.

The most significant change to the tunnel after its opening
was the conversion to electric operation in 1908. The Grand
Trunk Railway decided to adopt electric locomotives atfter a
series of fatalities in the tunnel from asphvyxiation.
Blthough the tunnel locomotives bwurned either coke ox
anthracite ooal to reduce smoke smissions, the locomotives
nevertheless produced carbon dioxide and carbon monoxide.
Hoth gases can cause death. The ventilation svstem normally
took 45 minutes to clear the tunnel of all gases after a
train had passed through. Jozeph Hobson testified in 1897
that he had removed the original ventilating pires after only
a few vears of use because they worsened fturmel ventilation.
If a train passed through the tunnel without delay, the gases
did not pose a threat to life. However, as a locomotive was
ascending the incline leading out of the tunnel, the couplers
connecting the cars were subliect to great strainsg and would
often break, leaving part of the train behind in the tunnel.
This would endanger the conductor and brakeman, whe normally
worked from the cabgose, as well as the locomotive engineer
and fireman if they returned to the tunnel to retrieve the
missing cars.
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The first fatal accident ocourred on 31 January 1892, only
three months aftexr the tunnel opened to regulary freight
traffic. Following 2 train break in the tunnel, conductor
Zeoxrge Hawthorne and brakeman Joseph Whalen were overcome by
fumes and Hawthorne died. The breaking of couplers in the
tunnel hecame so commonplace that moxe fatzl accidents were
inevitable. In the four vears ending 30 June 189%, for
example, when nearly 16,000 trains traversed the tunnel each

ear, a total of 278 trains broke apsrt in the tunnel,
roughly 70 per vear.

A szecond and more sericus accident toolk place on 258 November
1897, resulting in the death of three men, including the
engineer, one brakemen, and the conductor. The third and the
worst accident happened on 9% October 19046 and produced six
deaths, including two brakemen, two conductors, the
locometive engineer, and the superintendent of the Barnia and
Port Huron terminals, Alexander 3. Begg. The Foval Canadian
Humane Society awarded medals to ten Grand Trunk emplovees
whoe aided in the rescue "for conspicuous braverv” the
following summer.

In the wake of the third fatal accident, the Grand Tirunk
moved quickly to convert the tunnel to elesctrice traction.

In December 1904, the two maior suppliers of electrical
aequipment, General Electric and Westinghouse, submitted
detalled proposals Lo electrify all tunnel operations,
inciuding the drainage svstem. The Grand Trunk specified that
the electric haulage system must be abkle to pull a 1,000-~ton
train between the two tunnel terminals in 15 minutes, and
maintain a train speed of at least 10 miles per houwr up the 2
percent grade leading out of the tunnel. The steam
locomotives in use since 1891 ccould only pull trains of up to
760 tons. General Electric proposed a DC system of 600 volts
using a third rail, but the Grand Trunk accepted a
Westinghouse proposal based on the use of a 3,300-volt AC
single-phase system. The Grand Trunk hired the engineering
Firm of Bion J. Arnold of Chicage to serve as consulting
engineers for the installation of the new system. The prime
contractor for the inatallation was Abbott-Gamble of New Yoxrk
City, while the American Bridsge Company did the steel work.
According to the Port Hureon Daily Times, the entire project
gogst more than #1 million.
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Al though the Grand Trunk signed the slectrification contract
with Westinghouse in January 1906, the First eslectric
locomotive did not pull a freight train throush the tunnel
until 20 February 1908. The self-contained electrical system
included a large steel-framed brick powerhouse bullt east of
the Bmerican portal, between Military Street and the St.
Clair River. This plant included four 4040-horsepower Baboocok
& Wilcox water-tube bwilers fed by automatic stolers. The
coal-fired boilers powersd two Westinghouse-Parsons steam
turbines which in turn drove a pair of Westinghouse
gensrators producing two-phase alternating current at 3,300
volts and a frequency of 2% cyceles per second. The electrical
service entered the tunnel through the same vertical shaft
sunk near the river bank in April 1888, The electrical power
ran the full length of the tunnel, both tunnel approaches,
and included trackage in the Port Huron and Sarnia freight
vards, Electrification invelved a 4-mile sone with a total of
12 miles of track. This svstem also supplied AC power to all
the tunnel pumping stations: to the Port Huron and Sarnia
pazsenger stations, roundhouses, and shops; agg to the YMCE
buildings at the Sarmia and Port Hwron vards.

Inside the tunnel, special ivon brackets, esach with spool-
shaped insulators supported 5/8-~inch-thick galvanized-steel
messengeyr cables with clamps which in turn supported the
copper trolley wires. At the portals, the steel messenger
cables were anchored in evebolts embedded in the masonry
blocks right below the date, "1890," wheyre they extended,
along with the working conductor, intoe the tunnel proper. A
triangulay steel shield located at the crown of the tunnel
entrance sexved to protect the conductor from water and ics
damage. Beyvond the tunnel proper, overhead catenaries
supported by steel towers placed 250 feet apsart supported ths
messenger cables, with the trolley wires suspended helow.
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The remaining key component of the electyic haulage svsten
was the set of six electric locomotives Zointly built by
Westinghouse and the Baldwin Locomotive Works. Each was &
double-ended box tvpe locomotive which operated in either
direction and in multiples. BEach unit had three 250-
horsepower single-phase motors. Two units ocould pull a 1,0600-
ton train through the turnnel at 30 miles per hour. While the
tunnel company sometimes used one unit to haul a passenger
train, normally they used two units at conce and considered a
them a single locomotive. These electric locomotives hrought
a 780-tont freight train through the tunnel on 20 Februaxy
1908, marking the start of electric service.

Westinghouse Company personnel remained at the tunnel for
nine months, training the tunnel emplovees in the use of the
new equipment. For three months, both steam locomotives and
the electric models were used for haulage. The steam
locomotives went out of service for good on 17 May 1%08.
Westinghouse continued to supervise the operation of the
system until they officially transferred controel to the 3St.
Clair Tunnel Company on 1?2 November 1%038. Over time, as.
traine became heavier, the tunnel cornpany needed additional
haulage oapacityv and bought three more electric locomotives
in 1927. From that time on, they rontinely ran four
locomotives at a time and kept the ninth as a spareﬁﬁ

Electrification allowed for new pumping eguipment. At the
American portal, tvwe centrifugal pumps, =sach with a capacity
of 4,000 gallons per minute and driven by a 100- horsepower,
3 phase, Z5-cycle, 3,300 volt electric notor, were installed
in the existing pump house 3just south of the portal., On the
Sarnia side, the equipment included & pair of centritugal
pumps, each with a capacity of 5,500 gallons per mimmte,
driven by a pair of 200-horsepower motors like those on the
Port Huron side. The new electric syvstem also provided power
to light the tunnel with a total of 480 incendescent lamps
placed in two rows on either side of the tunmel, about 10
feet above the level of the track. Although the electric
traction system remained in use until 1958, the Detroit
Edizson Company supplied the power starting in May 1917, and
the tunnel company scrapped 1ts generating equipment.§7



57T. CLAIR TUNNEL
{3t. Clair River Turmmel}
HAFR Ho. MI-&7 (page 3311)

When the Grand Trunk Railway of Canada went bankyupt in 1923,
Canadian Hational Railwavs absorbed it. The 5t. Claixy Turnel
Company simply continmed as an independent subsidiarxv of the
Canadian National Railways. The Grand Trunk properties in
Michigan, Indiana, and Illinois became the Srand Trunk
Western Hailroad, a subsidizary of Canadian National. Later,
on 31 March 1958, the tunnel company enfgd its independent
status and became a subdivision of CNRE.

Two attempts to sabotage the tunnel during the two world wars
created some excitement, but no real damage. In 1%17, a group
of proe-German conspirators planned o blow up the tunnel with
a charge of dynamite which they would roll into the turmel on
a platform mounted to roller skates. The leader of this plot
was Albert Karl Kaltschmidt, president of the nearby Marine
City Salt Company and the head of & group of German agents
who had targeted dozens of industrial and transportation
facilities in southeasterm Michigan and southwestern Ontario.
The legal system convicted Kaltschmidt and fouxr others and
gave them various fines and prison terms. In 19240, a bomcax
containing aircraft engines was set on firve in the tunnel,
apparently mistaken for a trainleoad of high explosives that
had just passed through the tunnel. The auvthorities never
found the perpetrators.ég

In 194%, Canadian National Railwavs replaced the timber ties
supporting the track with reinforced concrete supports and
simul tanecusly lowered the tracks within the tunnel some 7
inches to allow taller boxcars to use the tunnel. The last
change in motive power for the tunnel came on 28 September
1558, when the last electric locomotives moved trains thircugh
the tunnel, replaced by diesels. As the electric locomotives
had aged, their maintenance costs skyrocketed. Canadian

" National Railwavs bought the foundry patternz From
Westinghouse and had te produce its own repailr parts during
the last decades of electric operations. The diesel-electric
S logomotives In normal service on the Grand Trunk Western and
Canadian National lines replaced the electric locomotives
used in the tunnel. A new ventilation system with ductwork
and ventilation &ans at beoth portals allowed the diesels two
opexrate 5afely.5
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By the late 1960s, the tunnel was no longey able o handle
the taller freight cars used for traffic related to the
automobile industyy, especially tri-level auwto carriers and
special 85-foot Jlong automobile parts cars. In March 1971,
Canadian Matiocnal had to reintroduce raillroad cax ferry
service hetween FPort Huron and Sarnia using the tug Phvyilis
¥orke pushing the barge St. Clair. They added a second tug
and barge a few vears later to provide enouvgh capacity to
handle the larger volumes of traffic. B second innowvation 1n
railreoad freight equipment, Canadian HNational's so-called
YLaser® train, could use the tumnsl without reguiring
alterationa. The Laser train consists of a set of flatecars
specially designad g%th recessed wells to carry standard
freight containers. :

The Grand Trunk Western Railroad has also faced the srowing
copularity of "doubled-decded? container cars, alsoe unable to
use the existing tunnel, which has an inzide diameter of only
19 feet 10 inches. By the beginning of the 19903, the Grand
Trunk Western decided to build a replacement tunnel north of
the historic 8t. Clair Tunnel, The new structure will also bs
& single-tracked tunnel, but will have an inside diameter of
31 feet. Canadian National Railwavs will build it with a
highly automated tunnel-Loring machine at a cost of
approximately #1500 miltlion. The Grand Trunk Western also
re-incorporated the 8t. Clair Tunnel Company aqﬁ transferred
ownership of the tunnel to the new corporation.
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PHYSICAL DESCRIPTION

Starting from the Port Huron side of the B5+t. Clair River, the
tunnel structure has five distinct sections. The first is the
apprcoach to the west (American} portal, measuring 2,615 feet
long and 33 feet wide between the retaining walls for most of
ita length, but narrowing to only 20 feet wide west of the
portal. The gradient is 1 foot in 50, or 2 percent. The next
segment, the west grade within the tunnel, has the zame
gradient and extends 2,396 feet. The third segment, the
middle part of the tunnel, has a slight grade of 1 foot in
1,000 (0.1 percent} toward the esast and sxtends 1,694 feet.
The east end of this middle segment is the lowest point in
the tunnel. The fourth segment, the east grade within the
tunnel, has a gradient of 1 foot in 50 (2 percent) and
extends 1,937 feet to the eazt (Canadian) portal. Finally,
the approach teo the Canadian portal, with the same gradient
of 2 percent, is 3,171 feet long, 20 feet wide between the
retaining walls near the portal and 33 feet wide for most of
its length. The tunnel proper measures 6,026 feet long from
portal to portal, while the tunnel and its approaches has a
total length of 11,810 feet, more than two miles.

The basic design of the masonry structures built to retain
the earth on boeth sides of the approaches and producs
drainage ditches and the roadbed was the same on both sides
of the river. Trapezcidal -shaped retaining walls which
increase in height and thickness as they approach the portals
are surmounted by a course of coping stones to divert water
from the walls. The retaining walls also have limestone
counterforts (plers) extending inte the scil behind the
walls, built to provide additional support against the thrust
of the scil. The counterforts were all 4 feet wide, 8 feet
high, and extended & feet back from the inner edge of the
retaining walls. Starting at the portals, they extend for
about one-quarter of the length of the approaches. Paving
stones, & feet, 6§ inches wide extend inward from the base of
the retaining walls and below the grade level of the roadbed
to form the base for the drainage ditch. A ballast wall, 2
feet wide and 1 feoot 10 inch high formed the interior wall of
the drainage ditch. Finally, cross walls measuring & feet
wide and 2 feet high extended below grade between the

inner edges of the paving stones.
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The approach toe the west (American) portal is 2,615 feet long
aoverall, but the retaining walls extend only 1,6%6 feet
westerly fxrom the portal. Over the first 151 feet of the
sauth retaining wall, starting at the western end, the height
of the masonry increazes in 3 stages from 1 foot to 4 fest,
while it increases in width (thickness) from 2 feet, 6 inches
to 3 feet. A szegment extending 343 feet in length is & feet,
6 inches high and 3 feet thick. The rest of the south
retaining wall, some 1,088 feet in length, was 5 feet, 9
inches high and & feet thick. R steel retaining wall
conaisting of 10-foot long steel panels boelted together hasz
replaced a substantial section of the laszt segment of the
original retaining wall, a3 tetal of 585 feet. The final 64
feet leading to the portal consists of the foundations for
the pumpr house at the south border of the approach. All of
the retaining wall segments are surmounted by coping stones

1 foot, 6 inches in height, with increasing widths as the
width of the retaining wall grew.

The north retaining wall of the American approach has the
aame shape until it reaches a peint 200 feet west of the
portal, There, the wall takes a 20 degree turn to the south
for 13 feet and then turns 90 degrees again to continue in an
sasterly dirvection to the portal. It is at this point that
the distance between the retaining walls narrows from 33 feet
to 20 feet, to service the =ingle track leading into the
tunneal proper. For the final &6 feet west of the portal, the
retaining wall increases in height from & feet 9 inches to 6
feet 2 inches, and from & feet to 6 feet thick. A total of 33
counterforts extend 370 feet west from the portal. There are
a total of 25 cross wallzs in the Bmerican approach, 9% of them
measuring 11 feet long and the remaining 1é measuring 24 feet
long. These extend a distance of 740 feet west of the portal,
well bevond the last counterfort. West of the point where the
approach widens from 20 to 33 feet, the croazs walls are
further and further apart.
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On the Canadian side, where the appreoach is 3,171 feet long,
the retaining walls extend 2,069 feet sast of the portal. The
south retaining wall has dimensions comparable to those on
the American approach up to roughly 450 feet esast of the
portal, where the walls become significantly thicker than on
the American side. A section of retaining wall 7 feet thick
extendsx for 66 feet, followed by a section & feet thick {301
feet longl, one 12 feet thick (73 feet longl, concluding at
the portal with a segment 15 feet thick and 27 feset long. The
counterforts extend 480 feet east of the porxrtal and the cross
walls, a total of 58, extend 1,770 feet sast of the portal.

The portals and wing walls at both tunnel entrances consist
of massive ashlar masonry walls made up of coursed, quarry-
faced (rough-cut) limestone blocks set in cement mortar. The
center or portal section iz 28 feet wide, while each wing is
&0 feet wide, reszulting in a total width of 148 feet. The
masonry structures, which extend below grade for the entire
width of the open cut, are 36 feet high in the center
section, but then are shortened by roughly 30 inches in a
series of steps every 9 feet 4 inches proceeding up the slope
of the open outting. The ends of both wing walls are only 7
feet 4 inches high. The facing of the center (portall) section
consists of 13 courses of cut limestone blocks, each 2 feet &
inches high, and two courses, each 2 feet & inches high,
which form the crown of the entire structure. The width of
the limestone blocks varies considerably, ranging hetween 32
inches and B& inches. At the genter or portal section, therse
is a solid masonyy wall 6 feet thick, a 2-foot wide drain
behind it, and an additional masonry wall 3 feet thick.
Flanking the portal is a battered wall, which is 3 feet thick
at i1t=s baze. but tapers to only 1 foot wide at the crown of
the wing wall. Bt this point, the above-grade masonry is 1é
feet thick. The battered wall also narrows as it reaches the
cuter edges of the wing wall, where the masonry structure iz
only ¢ feet thick.
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The tunnel opening or portal is circular, measures 20 feet in
diameter, and consists of a series of wedge-shaped arch
stones {(vousscelrs). The wedge-shaped kevstone is & feet high.
Twoe courses of limestone blocks, each 2 feet 6 inches high,
form the crown above the portal and wing walls. Bhove the
keyvstone 1s & single dress-faced limestone block 6 feet wide,
which carries the date, "189%0" in relief. Above the dats
ztone is a larger dress-~faced limestone block measuring 12
feet long, 3 feet high at the ends, but with 3 low-pitched
gable at the top, forming a pediment & fest high. It serves
as the nameplate and carries the name Y3T., CLAIR" in relief.

Each portal alse has a pump house, descoribed in detail in
separate parts of this report. The Port Huron Pump House
£1891) is & rectangular structure, 20 feet by 356 fest, with a
hipped roof, and walls made from the same quarry-faced
limestone blocks as the portal and retaining walls. The
Sarnii Pump House (1908} iz a rectangular, gable-roofed
structure with a concrete fouggation and brick walls,
measuring 21 feet by 32 feet.

h single contractor, William Sibson of Beamsville, built the
retaining walls, portals, snd other masonry work at both
approaches, using similar limestone blocks. The major
difference bestween the twe sides 1s the greatery length of the
Canadian {Sarnia) approach. The total amount of limestone
masonry used on the American {(Port Huronl) approach, sxclusive
of the poxrtal, was 6,017 cuabiec vards, while the Canadian
approach required 9,082 ombic vards, for a total of 15,09%
vards. The Port Huron Daily Times estimated that the total
volume of masonry used for the approaches, portals, and the
Port Huron Pﬂﬁp House was 20,000 cublc vards, probably olose
to the mark45 :
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A ventilation svstem installed in the tunnel in 1958 ta
remove exhaust fumes produaced by diesel locomotives starts
inside the tunnel, but part of the duntwork and the electric
motor-driven fans extend hevond the tunnel proper. The
ventilation ducts, situated along the upper part of the
tummel lining, use the lining as one of duet walls., The ducts
are 32 inches wide at the base, % inches wide at the top, and
are 7 feet 5 inches high. They extend a distance of 51 feet %
inches into the tunnel from the portals. As they extend
outside the Bmerican poxrtal, both ducts deflect about 20
degrees away from the line of the tracks and extend 10 feet 3
inches to the point where they connect to the fans. At that
roint, the ducts change their roughly rectangular shape to a
circular shape 48 inches in diameter at their ends. The ducts
then connect to Woads Aerofoil Fans driven by 20 Horsepowex
electric motors. EBach fan had the capacity +to move 50,000
cubic feet per minute operating in the forward mode (pulling
alr out of the tunnel) and 32,000 C.F.M. when reversed. At
the Canadian portal, the south duct and fan have the same
configuration as at the Anmerican portal. The noxrth duct,
however, makes a %0 degree turn atter leaving the tunnel and
extends 18 feet 4 inches to the north before turning 45
degrees to the northeast and connecting to the fan. The
transitional duct is 3 feet & inches wide and 5 feet % inchex
high. This é;ngthy detounr diverts the duct around the Sarnia
Pump House.

The remainder of the tunnel consists of the 6,026 feet of thsa
original tunnel lining completed in 1891. The lower half of
the tunnel lining remalned covered in cement, which has
cracked and fallen away in many places, revesaling the
original brick lining laid in cement mortar. The individual
segments of the tunnel lining are clearly visible in the
upper part of the tunnel. A bronze plagues marks the Canada-
United States international boundary in the middle of the
tunnel. Where the tunnel szhields met in August 1890, the kev
piece on the segment of the lining that advanced from the
United States is oriented about a foot to the south of the
tanadian kev segment, which is at the crown of the lining.
The final connecting tunnel lining ring alse has irregular
dimensions, varving in width from roughlvy & inches to roughly
10 inches.
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&t the foot of the Sarnia grade, i.e., at the low polint in
the tunnel, the electric motor-driven centrifugal punps
installed in 1908 are extant. These pumps, each with &
capacity of 150 gallons pery nminute, are mounted on brackets
on the south side of the twunnel lining, above the centexr of
the tunnel. Besides these pumps, there is no surviving
evidence of the electric trolley wire system used in the
tunnel hetween 1908 and 1%258. There avre no other surviving
interior fteatures of note. 6
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PORT HURON, MICHIGAN QUADRANGLE

U A: 17.382520.4757300 C: 17.385690.4756920
B: 17.382470.4757150 D: 17.385650.4756820
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ST. CLAIR TUNNEL

GENERARL SITE PLAN
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ST. CLAIR TUNNEL

SITE PLAN, AMERICAN APPROACH

s ,S19°C >

A
/] (STTYM ONINIVIHN)

: _ \omm..ﬁ

\
3 007 ey TTYM SSOED = MD

- .

2\ fesoonl 1 M UL T
J * dWnd TTYM ONINIVEIRY A

A . L_/‘ . .? EAVE 7P .
NE olal | )1 e
REE| |8 B[R] 8 . ,

{ Ve HOLIA
[y

\V . B 8 SOUNIIA 3

N it
/nv % [ Wk/lrv
S o V -

..m.« TTam pRINTUZEE |

\/\A ﬂ._ \_L o

Z INOATIINAOD



(8t. Clair River Tunnel)
HAER No. MI-67 (page 58)

ST. CLAIR TUNNEL

CANADIAN APPROACH
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TYPICAL CROSS SECTION, BOTH APPROACHES
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HAER No. MI-67 (page 60)

SITE PLANS OF PORTALS, 1891
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ST. CLAIR TUNNEL
(8t. Clair River Tunnel)
HAER No. MI-67 {(page 61)

SITE PLANS OF PORTALS, 1893




ST. CLAIR TUNNEL
(8t. Clair River Tunnel)
HAER No. MI-67 (page 62)

SITE PLANS OF PORTALS, ca. 1910

CANADIAN
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87. CLAIR TUNHNEL
(8t. Clair River Tunnel)
HAER No. MI-67 (page 63)

SITE PLANS OF PORTALS, 1958 - 1993
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